ABSTRACT
Diagnostic work-up when a testicular cancer is suspected includes a clinical examination, determination of risk factors, imaging and serum tumours markers. Tumour markers are useful in the diagnosis and staging of disease, for monitor the therapeutic response and to detect tumour recurrence. The alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (beta-hCG) are well established as serum markers for GCTs of the testis, lactate dehydrogenase (LDH) and placental-like alkaline phosphatase (PLAP) may be alternative serological markers with less specifity. However, these markers are increased in only about 60% of patients with testicular cancer. Therefore, additional tumour markers would facilitate clinical diagnosis and treatment in these patients. In this review we have evaluated the clinical application of several markers of testis cancers in serum, semen and tissue samples. Immunohistochemistry detection of some of these being solid new markers in addition to the routinely used but none have been shown to be superior to the classical markers in serum and semen samples. Further research is need in this context for the detection of new markers.
INTRODUCTION
Cancer of the testis is a relatively rare disease, accounting for about 1% of all cancers in men. Around 24.000 new cases are diagnosed each year in Europe with annual incidence rates (world age-standardised) range between 7.3 (west) and 4.6 (south) per 100,000 (1) . In USA, testicular tumours are the most common malignancies among American men between the ages of 20 and 39 years (2, 3) . The American Cancer Society has estimated that in the year 2006, 8250 men will develop testicular cancers and 370 men will die of these tumours in the United States (4) . Testis tumours are approximately 1% of all cancers in men but only about 0.1% of cancer deaths in males because the majority of these tumours are curable (3) (4) (5) (6) . More than 90% of testicular tumours originate from germ cells (7). The incidence of testicular germ cell tumours (GCTs) increases shortly after the onset of puberty and peaks in the fourth decade of life with a median age of 34 years at diagnosis (8) . The incidence varies among different races and various geographic locations. It is 5 times more frequent in white men compared with African American men (9) . Despite several recognized risk factors are associated in the development of GCTs (e.g., cryptorchidism, prior history of GCT), the pathogenesis of germ cell tumours including the contributing role of environmental factors or genetic susceptibility remains unknown. Testicular GCTs are a heterogeneous group of tumours with diverse histopathology and variable clinical course and prognosis. Currently the most comprehensive and widely accepted system of classification is the one proposed by the World Health Organization (WHO) (10).
The distribution pattern of GCTs in adults and children is different. Testicular tumours in adult patients often consist of seminoma, embryonal carcinoma or mixed testicular GCTs. In the paediatric population, yolk sac tumours and teratoma are the most frequent tumours; on the contrary, seminoma and embryonal carcinoma are rare (11) . Non-GCTs, which account for less than 10% of testicular tumours in adults, comprise as high as one third of testis tumours in children. Furthermore, although there is a strong association between post-puberal testicular tumours and intratubular germ cell neoplasia, such association has not been observed in pre-puberal GCTs. Germ cell tumours have been traditionally separated into seminomatous and nonseminomatous tumours. This division, however, is essentially for clinical purposes because of some differences in the management approach and prognosis of these two groups of tumours.
The majority of patients with testicular germ cell tumours (TGCTs) survive with the current treatment regime, but regardless of recent improvements in the outcome of this disease, it is potentially lethal, especially in poor-prognosis patients with disseminated non-seminomas and in patients with relapsed testis cancer, which is often refractory to chemotherapy (12) . The subset of patients that require chemotherapy and/o radiotherapy may experience side effects, severe psychological stress and reduction of their reproductive potential (13) .
It has been observed that TGCTs of young adults originate from a common precursor, the carcinoma in situ (CIS) cell (14), also known as intratubular germ cell neoplasia.
Carcinoma "in situ" (CIS o intratubular germ cell neoplasia) gives no symptoms but precedes invasive testicular GCT in all cases of seminoma and nonseminomatous histologies with a median time for progression of CIS to invasive disease of 5 years (16) . Because CIS can be cured by low-dose irradiation o unilateral orchidectomy alone, there is a great incentive for non-invasive or minimally invasive methods for detection of CIS. A surgical biopsy is at present the only reliable method for diagnosis of CIS and unilateral or bilateral biopsies are performed in selected patients at risk of CIS, for example those with a history of cryptorchidism and where clinical examination has revealed atrophic testes or ultrasonic microlithiasis with irregular echo pattern. Hence, very few patients are diagnosed at the CIS stage, particularly because most patients with CIS have no symptoms (15) . Besides intratubular germ cell neoplasia has been identified in association with GCTs in about 90% of cases (17, 18) . Therefore, strategies for early diagnosis of CIS are essential.
Several serological markers for testicular cancer have been tested and some are available. These markers are useful in the diagnosis and staging of disease, for monitor the therapeutic response and to detect tumour recurrence. Increasing levels of tumour markers during follow-up is an indication that therapy should be initiated, even if no evident disease is found. Besides, the half-life of markers must be taken into consideration when evaluating therapeutic responses. Nevertheless in general the sensivity of tumour markers in GCTs is relatively low. For the preinvasive CIS stage serological markers are not relevant, as cancer cells are not present in circulating plasma at this stage. Therefore, a less invasive method such as a new tumour marker for early diagnosis of testicular GCTs, preferentially at the non invasive stage or for the detection of GCTs and subtype and for monitoring of these cancers during follow-up is needs.
MOLECULAR BIOMARKERS OF TESTICULAR GERM CELL TUMORS IN SERUM AND TISSUE SAMPLES
Serum tumour markers are prognostic factors and contribute to diagnosis and staging (19). Alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (beta-hCG) are well established as serum markers for GCTs of the testis (12, 20) . Overall, there is an increase in these markers in about 51% of cases of testicular cancer (19). Alphafetoprotein (AFP) is a glycoprotein normally produced by fetal yolk sac, liver and gastroenteric tract. It is increased not only in yolk sac tumours and embryonal carcinoma, but also in hepatocarcinoma, in infective-degenerative liver diseases and in regenerative liver after toxic damage. The level of AFP increases in 50-70% of patients with nonseminomatous germ cell tumour (NSGCT). If an increasing value of AFP is found in pure seminoma, the tumour must be considered and treated as a non seminomatous tumour. Human chorionic gonadotropin (hCG) is a glycoprotein produced by syncytiotrophoblastic cells and it consists of two subunits, alfa and beta. The alfa subunit is common to three pituitary trophic hormones: FSH, LH, TSH. The beta subunit makes hCG enzymatically and immunologically distinct. Only the beta subunit (beta-hCG) is measured. It is highly specific for testicular cancer and it is produced specifically by choriocarcinoma cells. A rise in hCG occurs in 40-60% of patients with non-seminomatous germ cell tumours (NSGCTs) but up to 30% of seminomas can present or develop an elevated hCG level during the course of the disease (21).
Measurement of the free beta subunit of human chorionic gonadotropin (beta-hCG) in serum offers additional diagnostic information compared to determination of intact hCG alone in testicular cancer (21). However, these markers (AFP and hCG) are increased in only about 51% of patients with testicular cancer (19) . An attempt at increasing sensivity was performed by using nested reverse-transcriptase PCR for the detection of AFP and beta-hCG at the mRNA level but the results did not and serum levels correlate with the total number of copies of the short arm of chromosome 12p (23). The clinical value of LDH is hampered by a relatively low specificity but relevance in the diagnosis of testicular GCTs and a correlation with survival has been found (24). This enzyme is a less specific marker and its concentration reflects the tumour burden, growth rate and cellular proliferation. LDH measurements detect multiple isoenzymes and it is increased in about 80% of advanced seminomas and in 60% of advanced non seminomatous GCTs. The LDH isoenzyme 1 appears to be more specific and sensitive for GCTs than others four isoenzymes (25). Improved detection of tumour cells using Placental-like alkaline phosphatase (PLAP) has been reported (26). Placental-like alkaline phosphatase (PLAP) is an enzyme that is normally expressed by placental syncytiotrophoblasts, primordial gonocytes cells (PGCs), foetal oogonia and gonocytes (28, 29). In fact, PLAP is abundantly expressed in classical seminomas/dysgerminomas/germinomas and focally in the majority of embrional carcinoma (EC) and tumours containing yolk-sac tumour (YST) components with a membranous and cytoplasmic pattern, while it is largely negative in GCTs with somatic differentiation such as teratomas and in normal germ cells (27-31). Nevertheless, PLAP is a less specific marker, in fact a recent study applying high performance liquid chromatography (HPLC) based method, showed falsepositive results in smokers, it is probably caused by PLAP secretion from lung alveolar tissue (32,33).
According to European Association of Urology guidelines 2009 (EAU 2009) the measurement of serum AFP, hCG and LDH (in advanced tumours) is mandatory, while that of PLAP is optional. However, it is important to understand that although these markers are increased in about 60% of patients with testicular cancer it should be noted that negative marker levels do not exclude the diagnosis of a germ cell tumour (34). Therefore, additional serum markers would facilitate clinical diagnosis and treatment in these patients, especially in the early stage of the disease. In the section below a subset of newly identified markers of serum and sample of tissue will be described.
C-KIT (KIT)
It is a tyrosine kinase receptor for stem cell factor (SCF) that it is commonly regulated in the gonads, in particular it is present only in immature gonocytes/oogonia (35,36) and is highly expressed in CIS and seminoma/dysgerminoma/germinoma (37,48). KIT is crucial for migration of primordial gonocytes cells (PGCs) (32) and high expression is detectable in GCTs (42, 46, 47). Kit mutations have been found in a varying proportion of testicular seminomas (50-55). One report showed a gain of function mutation in KIT in 1.3% of unilateral testicular GCTs, in contrast to 93% of bilateral testicular GCTs (53), with detection of identical mutations in bilateral cases suggesting that the initiation of the malignant process in PGCs occurs in the early development of the gonads. A different pattern is evident in ovarian GCTs, where similar mutations in KIT were only seen in unilateral dysgerminoma cases (48, 50, 51, 56) . This could signify that KIT mutations occur after PGC migration has been completed in dysgerminomas. Besides c-KIT it has also been evaluated in CNS germinomas where mutations in exon 17 were found in 4-6% of germinomas (57, 58), and in primary mediastinal seminomas, where 50% had single or multiple mutations in exon 17 (59).
OCT3/4 (POU-family transcription factor)
Recently, OCT4 (also known as OCT3 or POU5F1) a transcription factor, has been recognized as fundamental factor of the maintenance of pluripotency in embryonic stem cells and in primordial germ cells (60, 61). It has been proposed as a useful marker for germ cell tumours (GCTs) that can exhibit pluripotentiality, specifically in seminoma/dysgerminoma/germinoma and embryonal carcinoma (EC) ( Table 1 ). The identification of OCT4 protein in formalin-fixed, paraffin-embedded tissues by immunohistochemical methods using commercially available antibodies has generated considerable interest in characterizing the expression of this transcription factor in GCTs. OCT4 is a POU-domain, octamer-binding transcription factor expressed in human embryonic stem cells (ESCs) and primordial germ cells (PGCs). OCT4 expression is necessary for the maintenance of pluripotentiality in ESC and PGC and it is down regulated in all differentiated somatic cell types in vitro as well as in vivo (62). Primordial germ cells lacking OCT4 expression have been shown to undergo apoptosis rather than differentiation (63); furthermore, variations in OCT4 levels are responsible for most failures in somatic cell cloning (61). These findings imply a possible different function of OCT4 in ESCs and PGCs, which may have an impact on the understanding of its role in the pathogenesis of GCTs. It has been proposed that the aberrant expression of this transcription factor might contribute to tumour genesis in GCTs (64).
Palumbo et al reported the specific mRNA expression of OCT4 in type II GCTs correlated positively with the expression of a 1.5 kb alternative transcript of the platelet-derived growth factor-alpha receptor (65, 66). Subsequently, Looijenga et al, in an extensive study, described the expression of OCT4 in GCTs. The testicular tumours analysed in this study included 35 seminomas and 50 non-seminomatous germ cell tumours (NSGCTs), among which 14 had EC components, 21 had teratoma components ,18 had yolk sac components and 5 had elements of choriocarcinoma. Furthermore, 10 spermatocytic seminomas were included in the study. Immunohistochemistry was performed for OCT4 and they have reported a high nuclear expression of OCT4 in neoplastic cells of seminoma and EC (67).
More
recently, Jones et al applied immunohistochemical analysis for OCT4 in a wide series of primary testicular tumours, among which 64 mixed GCTs and 5 spermatocytic seminomas were reported (68) . The results showed that all of the seminoma and EC components were positive in nearly 100% of the cells with strong nuclear staining in all cases except one EC, in which moderate staining was reported. The cells of other GCT components, specifically yolk sac tumours, mature and immature teratomas and choriocarcinomas were consistently immunohistochemical negative. The diagnostic value of OCT4 immunostaining has been further validated by De Jong, who reported an extensive study of OCT4 expression in 223 testicular tumours (209 GCTs and 14 non-GCTs) in consecutive radical orchiectomy specimens GCTs included 3 spermatocytic seminomas and 206 type II GCTs (110 pure seminomas, 50 pure NSGCTs and 46 mixed GCTs containing both seminoma and non-seminoma components (69) . About the role of OCT3/4 in the early diagnosis of TGCT, a number of investigators have evaluated the OCT4 immunostaining characteristics of intratubular germ cell neoplasia unclassified (IGCNU) to assess early events in neoplastic transformation and to establish the usefulness of this marker in the diagnosis of this lesion. In the large series of GCTs described by Looijenga, 16 specimens from testicular parenchyma harbouring IGCNU adjacent both to seminomatous and non-seminomatous components were included in the study. IGCNU tumour cells were all positive regardless of the histological type of adjacent invasive tumour, whereas normal intratubular spermatogenic cells showed no OCT4 immunostaining (67) . Eleven additional cases of IGCNU adjacent to invasive tumours were investigated in the study of Rajperts-De Meyts, all cases were reported to be positive with immunostaining of 90-100% in cancer cells, whereas the non-neoplastic germ cell components were negative (70) . Immunoreactivity for OCT4 in IGCNU was further defined in a study by Jones, in which 44 IGCNU specimens from patients with GCTs were reported and in all cases a strong nuclear immunostaining for OCT4 in nearly 100% of atypical cells was found (71) . Studies involving the immunohistochemical characterization of normal germ cells in human fetal development have shown that OCT4 expression is seen only in the early stages of differentiation, i.e. the gonocyte/PGC stage (70, 72) . It has been observed that there is a progressive reduction in OCT4 expression in normal spermatogenic cells in the second and third trimesters of fetal development, with only sporadic immunostaining for OCT4 in the late stages of embryonal development. These normal patterns of OCT4 expression may not apply to germ cells derived from some dysgenetic gonads owing to the post-natal persistence of OCT4-positive gonocytes in these individuals because of a delay in germ cell differentiation (70) . In fact, a delay in germ cell maturation has been found in various pathological conditions. In particular, patients with gonadal dysgenesis and hypovirilization demonstrate a delay in germ cell maturation (73) . Proper diagnosis of the malignant cells is of great importance in these cases, because these patients are also at risk for development of malignant GCTs. To validate the clinical utility of OCT4 immunohistochemistry in screening for pre-invasive GCT lesions, Jones et al have examined 157 testicular tissue samples removed for reasons other than for the management of a suspected malignant tumour, the majority of which were sampled for either infertility or cryptorchidism (74) . It must be kept in mind that these conditions are risk factors for the development of GCTs. They found OCT4-positive cells in six patients. Interestingly, the characteristic morphology of IGCNU was apparent by light microscopy in only one of these six cases, while all the others were negative. They concluded that OCT4 immunohistochemistry may be useful in identify early forms of pre-invasive germ cell cancer in patients with risk factors for the development of malignant testicular GCTs (74) . Further, another studies have investigated the application of OCT4 detection in advanced disease, in particular, the utility of OCT4 immunohistochemistry in defining a GCT origin for metastatic lesions was documented by Cheng (76) . Sixtytwo retroperitoneal lymph node dissection specimens containing elements of metastatic GCT from patients who were previously diagnosed with testicular GCTs were studied. In addition, 84 metastatic carcinomas from male patients with known non-germ cell primary tumours were studied for OCT4 immunoreactivity in parallel. All EC components and seminoma components from retroperitoneal lymph node dissection specimens showed strong, intense, diffuse nuclear staining for OCT4. In contrast, yolk sac tumours, choriocarcinomas, mature teratomas and primitive neuroectodermal tumours were all negative for OCT4. All metastases from non-GCTs showed no OCT4 immunostaining (76) . In summary, the immunohistochemical detection of OCT4 may be considered an extremely useful tool in the diagnosis of IGCNU, especially in small biopsy specimens and in screening high risk patients with a history of cryptorchidism, previous controlateral GCT, extragonadal GCTs and in patients with particular types of gonadal dysgenesis (71, (73) (74) (75) .
Nanog
The NANOG gene, a member of the homeobox family of DNA binding transcription factors, was recently identified in a screen for pluripotency-promoting genes. The NANOG gene is located on human chromosome 12p13, a region frequently duplicated in human tumours of germ cell origin and in cultured of human embryonic stem cells. In particular, it is a homeobox gene involved in self-renewal and pluripotency of embryonic stem cells (77) . It is also expressed in PGCs (78) and is also found in gonocytes, CIS, seminoma and EC (79, 80). A recently study has confirmed with immunohistochemistry and quantitative polymerase chain reaction (PCR) the expression and gene copy number of the human NANOG gene in germ cell tumours. It has been found that NANOG protein was detected in germ line stem cells (gonocytes) within the developing testis. In particular, the authors found that NANOG is highly and specifically expressed in carcinoma in situ (CIS), embryonal carcinomas and seminomas but not in teratomas and yolk sac tumours.
The authors concluded that NANOG expression in germ line stem cells (gonocytes), CIS, embryonal carcinoma and seminoma reveals a molecular and developmental link between germ cell tumours and the embryonic cells from which they arise (80) . Thus, identification of NANOG as a molecular marker of undifferentiated germ cell tumours provides a novel tool for identification and classification of germ cell tumours.
Ap-2 gamma
Ap-2 gamma belongs to a family of genes involved in embryonic morphogenesis and regulates the expression of several genes involved in differentiation and cell growth during development (81). This gene it has been identified as a novel markers of CIS and GCTs (83). The presence of Ap-2 gamma in adult testis is restricted to neoplastic lesions with expression in all CIS and seminoma samples in 90-100% of neoplastic cells and in a subset of cells in more differentiated non-seminomatous tumours. It has been observed that Ap-2 gamma is furthermore expressed in the majority of gonocytes until gestational week 22, followed by a rapid down regulation with persistence of a few positive germ cells until 4 months postnatally (83, 84).
A recently study has confirmed that Ap-2 gamma is a very solid marker of CIS because it was expressed in 30/30 analysed tissue samples containing CIS (85). In CNS-located seminomas and in extragonadal metastase from seminomas Ap-2 gamma is expressed with a similar expression pattern to that seen in the testis (46, 47, 84).
Cell-free circulating DNA
Cell-free DNA represents an interesting universal tumours marker. Increased levels of cell-free DNA were described in 1977 in the plasma of various patients with cancer but the origin of circulating DNA still remains largely unknown (86) . Although circulating tumours specific DNA is present in many patients with cancer, it accounts for only less than 5% of total DNA (87, 88) . Therefore, it was hypothesized that indirect mechanisms induce apoptotic and/or necrotic death in surrounding and peripheral healthy cells (87) (88) (89) . The development of PCR based methods has facilitated the quantification of cell-free DNA and today numerous studies have described increased levels in patients with cancer compared to healthy individuals and patients with non-malignant disease (88, 90, 91) . DNA fragments, was reported in patients with breast (92), colon (93) , ovarian cancer (93), prostate and bladder cancer (88, 89) . A recent study has investigated the level of cell-free DNA in samples of the serum of patients with testicular cancer, including seminoma, non-seminoma tumours and in healthy individuals as control. Real-time polymerase chain reaction (PCR) was used to quantify actin-beta DNA fragment and DNA integrity was expressed as the ratio of large to short DNA fragments. It was observed that the actin-beta DNA fragment levels were significantly increased in patients with cancer compared to healthy individuals. DNA integrity, on the contrary, was significantly decreased in patients with cancer. Nevertheless, cell-free DNA fragment levels were not different when comparing patients with nonseminoma and seminoma. PCR analysis demonstrated that cell-free DNA levels distinguished patients with cancer from healthy individuals with 87% sensitivity and 97% specificity. However, in patients in whom the established serum tumours markers alpha-fetoprotein, human chorionic gonadotropin, placental alkaline phosphatase and lactate dehydrogenase were normal, cell-free DNA levels allowed us to distinguish between patients with cancer and healthy individuals with 84% sensitivity and 97% specificity. Furthermore, it was observed that cell-free DNA levels were more frequently increased in patients with clinical stage 3 than in patients with stage 1 or 2 disease (94). It was suggested that an interesting role of circulating DNA may be the identification of stage I cases with occult metastasis and the evaluation of the vitality of residual masses following chemotherapy. Future studies are needed to clarify these important questions. No data exist to date on how long cell-free DNA levels are increased after surgical intervention. It is possible that cell-free DNA levels would reach normal ranges when orchiectomy is performed in patients with localized disease, whereas cell free DNA levels would remain increased in patients with metastatic disease. This hypothesis is supported by the fact that the half-life of cell-free DNA is approximately 16 minutes in plasma (95) . Increases in cell-free DNA levels in patients due to trauma and probably also to surgical trauma was reported to attain normal levels within 2 hours after insult (96) . Thus, recurrent or persistent increased cell-free DNA levels following orchiectomy may indicate cancer recurrence or the presence of residual metastatic tumour. Even in patients with negative assessment of AFP, hCG, LDH or PLAP cell-free DNA levels are helpful. In conclusion the analysis of cell-free DNA could facilitate clinical management for testicular cancer but multicenter studies are necessary before cell-free DNA analysis can be implemented in clinical routine investigations.
Stem cell factor
It has been yet observed that the normal germ cell lineage development depends on the c-KIT-stem cell factor (SCF) pathway (97) . Experimental animal study have been demonstrated that c-KIT (the receptor) is present in PGCs, gonocytes, spermatogonia, spermatocytes, round spermatids and Leydig cells (98) (99) (100) (101) (102) . c-KIT signalling is also important for human spermatogenesis, demonstrated by defects in this pathway. Several studies have demonstrated that c-KIT expression is low and is not detected in adult testis, this makes c-KIT a diagnostic marker for CIS in adults on formalin-fixed, paraffinembedded material (104, 105) . However, false-negative findings have been reported specially in patients with maturation delay or disturbance of spermatogenesis (106, 107) . This demonstrates the need for a more specific diagnostic marker to distinguish malignant germ cells from germ cells showing maturation delay. The novel immunohistochemical detection of stem cell factor (SCF), the c-KIT ligand, is informative in this context. In adult testes, the c-KIT ligand, stem cell factor (SCF), is produced by Sertoli cells (103, [108] [109] [110] , under the control of follicle-stimulating hormone (FSH) (111) . Two forms of SCF exist: a membrane bound and a soluble protein (112, 113) . Membrane bound SCF is the most efficient in establishing and maintaining germ cells (114) (115) (116) (117) (118) , while soluble SCF activates c-KIT on Leydig cells to induce testosterone production (119) .
A recently study has investigated the presence of SCF in a series of 400 cases of normal (fetal, neonatal, infantile and adult) and pathological gonads. The authors have observed that both the membrane-bound and the soluble form of SCF were absent in normal testis, while all cases of TGCTs, CIS and GB were positive. No SCF was found to be related to germ cells with proven maturational delay, unlike the other known CIS/GB markers. Seminomas showed a heterogeneous staining pattern of positive cells and signal intensity for SCF. Non-seminomas showed different patterns in histological subgroups. All CIS samples, both adjacent to seminoma and adjacent to non-seminoma were positive for SCF. This study demonstrates the additional value of immunohistochemical detection of SCF to identify malignant germ cells, especially in the case of germ cell maturation delay (120).
Y-encoded TSPY protein
The testis-specific protein Y-encoded (TSPY) gene is the putative gene for the gonadoblastoma locus on the Y chromosome (GBY) that predisposes dysgenetic gonads of intersex patients to gonadoblastoma development. Several studies have documented the expression of TSPY in the more common forms of testicular germ cell tumours (TGCTs) of adult testis, classified as seminomas and nonseminomas (121, (123) (124) (125) (126) . Various isoforms of TSPY transcripts and proteins have been demonstrated in cancerous samples of TGCTs (124). TSPY is expressed in early gonocytes, in prenatal and postnatal testes (104) , in spermatogonia and in spermatids of adult testis (135). It has been postulated to serve a certain role in stem germ cell proliferation and/or male meiosis (122, 123) . Currently, the exact mechanisms of TSPY action at the molecular and cellular levels are uncertain; its expression in germ cell tumours suggests that it might exert a proliferative function. Currently, the mechanism by which this premalignant precursor initiates and develops into both seminomas and nonseminomas is unknown. Various genetic studies have demonstrated that CIS/ITGCNU and TGCTs are aneuploid. A gain of complete short arm of chromosome 12 and sometimes amplification of certain portion of it has been the consistent change in the evolving germ cell tumours genome (127) (128) (129) (130) . Such gain of chromosome 12p genes seems to be associated with advancement of the oncogenic process and increase in pluripotency of the tumours cells (128, 129, 131, 132) . Analysis of available microarray data demonstrates a correlation between TSPY expression and up-regulation of certain chromosome 12p13 genes in clinical CIS/ITGCNU and TGCT samples but currently, the exact mechanism by which TSPY alters the expression these chromosome 12p genes is unknown (133, 134) . In a recently study it has been valuated in a total of 171 TGCTs consisting of 86 seminomas, 85 non-seminomas and 17 normal testicular tissue the expression pattern of TSPY with reference to those of other germ cell tumours markers, such as OCT4, c-KIT, and placental-like alkaline phosphatase (PLAP), alpha fetal protein (AFP), and human chorionic gonadotropin (hCG). The results have showed that TSPY is predominantly expressed in testicular seminoma and in the precursor carcinoma in situ (CIS) or intratubular germ cell neoplasia unclassified (ITGCNU) but not (minimal o negative levels) in various types of nonseminomas, including embryonal carcinoma, teratoma, choriocarcinoma, and yolk sac tumors. Double immunofluorescence analysis on selected testicular seminoma and CIS/ITGCNU specimens for TSPY and other germ cell tumours markers, such as PLAP, OCT4, c-KIT and the proliferative markers Ki-67 have showed that TSPY was co expressed in the same tumours germ cells of both types of TGCTs. TSPY was located in both cytoplasm and nuclei of the tumours germ cells with heterogeneity in staining intensity and sub cellular locations. The results was confirmed by western blotting analyse, TSPY was expressed at high levels in seminoma samples but minimally in mixed TGCT and embryonal carcinomas. Normal testes showed reduced but detectable levels (136). The differential expression pattern of TSPY in seminomatous and nonseminomatous germ cell tumours suggests that it can be used as a diagnostic marker for detection of precursors of germ cell tumours and for subtype of TGCTs. Hence, TSPY in combination with other markers could be an important marker for diagnosis and sub-classification of TGCTs.
HMGA1/HMGA2
The mammalian high mobility group A (HMGA) family of chromosomal proteins includes HMGA1a and HMGA1b, which are encoded by the same gene, HMGA1, through alternative splicing (137) and the closely related HMGA2 (138). They are small, non-histone, chromatinassociated proteins that bind DNA in AT-rich regions through three basic domains called 'AT-hooks'. They are proteins that regulate transcription by altering the architecture of chromatin and the assembly of multiprotein complexes of transcriptional factors (139). Both genes are widely expressed during embryogenesis, whereas their expression is low or absent in normal adult tissues (140). It was observed that HMGA2 is a protein that plays a role in embryonic development and adipocytic cell growth (141), on the contrary the HMGA1 protein has a critical role in heart development and growth. Both HMGA1 and HMGA2 proteins are over-expressed in several malignancies (138). Studies have shown that their over-expression has a causal role in malignant cell transformation. In adults testis tissue HMGA1 is present in mitotic cells (spermatogonia and primary spermatocytes), whereas HMGA2 is highly expressed in meiotic and post-meiotic cells (secondary spermatocytes and spermatids) (142, 143); in addition, it has been demonstrated a specific function for HMGA2 in the regulation of spermatogenesis. A recently study has evaluated the expression of HMGA1 and HMGA2 proteins in normal and TGCTs (144). Immunohistochemical assay was first performed on sections of normal human testis, both the spermatogonia and primary spermatocytes showed specific nuclear positivity for HMGA1, whereas only secondary spermatocytes showed specific nuclear positivity for HMGA2. Subsequently, HMGA1 and HMGA2 expression was examined in a series of post-pubertal TGCTs, including 30 seminomas, 15 pure embryonal carcinomas, 10 mixed tumours with relevant yolk sac tumours and 15 mixed tumours with relevant teratoma component. Moreover, HMGA1 and HMGA2 were evaluated in 15 intratubular germ cell tumours (ITGCTs) areas of 30 examined seminomas. The results of this analysis showed an intense HMGA1 immunoreactivity in ITGCTs, seminomas and embryonal carcinomas but neither in epithelial and mesenchymal areas of teratomas or in yolk sac carcinomas, whereas HMGA2 expression was observed in embryonal carcinomas and yolk sac carcinomas but not in ITGCTs, seminomas and teratomas. The expression of HMGA1 and HMGA2 mRNA was confirmed by reverse transcription-PCR that shows an abundant HMGA1 mRNA amplification in seminomas and embryonal carcinoma but not in teratomas and yolk sac tumours. Conversely, HMGA2 mRNA was abundantly amplified from embryonal carcinoma and yolk sac tumours but not in seminomas and teratomas. In conclusion HMGA1 and HMGA2 co expression was observed only in embryonal carcinoma cells. Conversely, no expression of both HMGA1 and HMGA2 proteins was detected in teratomas. In addition, extra-embryonic yolk sac tumours show only expression of HMGA2 protein (144).
This work enhances the current view that HMGA1 and HMGA2, previously believed to play the same role in carcinogenesis, may play different roles in different tissues. The different expression profile of HMGA1 and HMGA2 proteins could be a useful tool for diagnosis of TGCTs. The co expression of HMGA1 and HMGA2 proteins, together with other well-known molecular markers in cancer cells is suggestive of an embryonal carcinoma diagnosis, while only HMGA1 expression is indicative of seminomas and only HMGA2 expression is specific of yolk sac tumours.
SOX17/SOX2
The SOX family of transcription factors is involved in development from the early cells in the embryo to differentiated lineages of specialized cells. Currently, 20 SOX proteins have been identified in humans (145). Although different SOX proteins can bind highly similar DNA sequences in vitro, they are expressed in a cell-typespecific manner by which they regulate their target genes (146). This regulation is achieved by the collaboration of SOX proteins in association with other proteins (147). Abundantly represented among the protein partners are the POU-proteins (also known as OCT3/4) (148, 149). These transcription factors interact simultaneously with the DNA and stabilizing partner proteins (150,151). SOX and POU protein are in the centre of an intricate network required to maintain pluripotency and to promote differentiation (152, 153). Normally, 1 year after birth, no POU protein are present in the cells of gonads and others tissue. Prolonged expression of POU protein is in fact associated with the development of malignant testicular germ cell tumours of adolescent and young adults (TGCT). In particular, it has been yet shown how POU protein (OCT3/4) appears to be a specific marker in TGCT diagnostics with 100% of CIS, seminoma and EC cells (67, 156) . The role of SOX2 interaction with POU protein in maintaining pluripotency and preventing differentiation is well established (157); however, how POU protein expression is involved in apoptosis of PGCs is not clear. It has been shown that SOX2 is not present in germ cells of early embryonic gonads to adult testis or in pre-invasive and invasive TGCTs by immunohistochemistry, but it has been confirmed the presence in EC and in a small number of cells of teratoma (36). SOX2 can also be present in Sertoli cells associated or not with CIS; this observation is new because it may result in over diagnosis of intratubular EC as done recently (158) . Besides, quantitative RT-PCR has confirmed the elevated expression of SOX2 in sample containing CIS cells, compared with normal testis. This presence of SOX2 in the context of germ cell tumours might be over diagnosed as EC when performed as single staining, because is necessary to perform for a correct diagnosis a double-staining approach for SOX2 and OCT3/4. If SOX2 and OCT3/4 are co-expressed within the same cells it is indicative of EC. A recently study have investigated if another SOX members are expressed in normal and pathological testicular cells. It has been shown that SOX17, instead of SOX2, is present in CIS and seminoma cells and absent in EC cells. These results have been confirmed with quantitative RT-PCR that has showed elevated SOX17 expression in seminoma samples compared with EC samples (163) . SOX17 has multiple functions, including a specific role in embryonic develop of haematopoietic stem cells (159) (160) (161) (162) . Although a differential pattern of expression of SOX17 has been reported (133, 128) . Immunohistochemistry of SOX17 demonstrated nuclear co-expression with OCT3/4 in fetal gonocytes, CIS and seminoma cells but not in EC and derived cell lines. The specific nuclear staining for SOX17 is of diagnostic value in discriminating seminoma/dysgerminoma from EC, however SOX17 is not suitable marker for the diagnosis of CIS, because it is found in different maturation stages of spermatogenesis (163) . Therefore OCT3/4 is still the best marker for the detection of CIS in the adult testis (69) . However, the co-expression of SOX17 and OCT3/4 in CIS and seminoma cells in the absence of SOX2 qualifies SOX17 as potential protein marker in these cells and can be helpful in distinguishing between the invasive components of seminoma and EC.
Centrosomal kinase Nek2
Regulation of the centrosome cycle is crucial to maintain genome stability and regular cell cycle progression (166) (167) (168) 177 ). In many cancers, defects in centrosome regulation have been associated with aneuploidy (167, (177) (178) . In most TGCTs, aberrant centrosome duplication precedes aneuploidy but the mechanisms leading to this defect are still unknown (164) . Protein kinases that regulate the centrosome cycle are often aberrantly controlled in cancer cells. Changes in their expression or activity can lead to perturbations in centrosome duplication, potentially leading to chromosome segregation errors and aneuploidy. Most testicular seminomas are polyploid or aneuploid, due to aberrant chromosome segregation in the early stages of the cancer transformation (127, 164) . Aneuploidy also occurs in nonneoplastic germ cells from infertile males and represents a risk factor for the development of GCTs (127, 164) . A study has demonstrated that over duplication of centrosomes is associated with aneuploidy both in type II GCTs and in non-neoplastic germ cells from individuals with aberrant spermatogenesis (164) . Nevertheless, the molecular basis of centrosome amplification in testicular seminomas is currently unknown. The centrosome is a cytoplasmatic organelle that serves as a nucleation centre for microtubules throughout the cell cycle. During mitosis, the centrosome organizes the bipolar spindle and is required for equal distribution of replicated chromosomes between daughter cells (165) (166) (167) . In addition, the centrosome serves as a scaffold to recruit proteins involved in cell cycle-related events, such as protein kinases, phosphatases, and proteins involved in protein degradation by the proteasome (166) . Several serine-threonine kinases, such as Cdk1/cyclin B and Nek2 are associated with the centrosome during cell cycle progression and regulate the centrosome cycle and spindle assembly (165) (166) (167) . Nek2 is a centrosomal kinase highly enriched in male germ cells (169) . This centrosomal kinase promotes centrosome separation at the onset of mitosis through phosphorylation and displacement of proteins involved in centrosome cohesion (170) (171) (172) (173) . Up-regulation of this kinase in human cells causes premature splitting of the centrosome (174) while in contrast, over expression of kinase-dead Nek2 induces centrosome abnormalities that result in monopolar spindles and aneuploidy (175). Hence, regulation of Nek2 abundance and activity is essential to ensure the correct centrosome cycle and aberrant expression of Nek2 has been described in several tumours (176, (179) (180) (181) . A recently study has investigated the expression and regulation of Nek2 in human TGCTs and in normal testis. The authors have observed that the expression and activity of Nek2 are frequently up-regulated in testicular seminomas; in particular it has been observed that Nek2 was highly expressed in the cancer cells in the entire sample obtained from testicular seminomas compared with normal testis. In addition they found that Nek2 was already expressed at high levels in the early stages of cancer transformation, such as in intratubular germ cell tumours. Interestingly, Nek2 staining was concentrated in the nucleus of cancer cells and up-regulation of Nek2 was a specific feature of testicular seminomas, because other types of TGCTs did not express detectable levels of Nek2. The results were confirmed by western blot analysis (185) . Interestingly, other studies have observed that the nuclear localization of Nek2 in testis correlated with the expression of markers for the stemness of germ cells, such as the transcriptional regulator factor OCT4/3 (183, 184) . It is possible to speculate that the localisation of Nek2 in the nucleus is an additional marker of the undifferentiated state of seminoma cells. Nevertheless, functional analysis of the role of Nek2 in seminoma cells will be required to determine its role in cancer transformation of germ cells.
Cytokeratins, glycoproteins and human antibody
Several cytokeratins and glycoproteins have been tested in testicular cancer with different pattern of expression. It was observed that cytokeratins are also helpful in distinguishing seminoma from a solid type of embryonal carcinoma. For example, in a recently study it was observed that seminoma and spermatocytic seminoma were negative when incubated with murine monoclonal antikeratin antibodies cytokeratin AE1/AE3 (cytoplasmic staining) (186) . Several other studies have shown that these antikeratin antibodies had weak expression in seminoma but strongly positive staining in embryonal carcinoma (187, 188) . The identification of the perinuclear pattern of reactivity with cytokeratin in seminoma may be the first clue in an unusual site (e.g., lymph node of neck) that one is dealing with metastatic seminoma. Studies analyzing the expression of AE1/AE3 in ITGCN are rare. Bruce et al have demonstrated a negative staining for this marker in a small series of ITGCN (189) ( Table 1) . Another lowmolecular-weight cytokeratin CAM 5.2 with cytoplasmic and membrane staining, was analyzed in several immunohistochemical studies and strong positivity was shown in NSGCT. In seminoma and spermatocytic seminoma, the expression was only focal and very weak. The authors concluded that this marker could be very helpful in distinguishing seminoma from NSGCT (187, 190) (Table 1) . Nevertheless, there are no data published analyzing the staining of CAM 5.2 in ITGCN. The CD30 antigen, an antigen located in cell membrane has been used primarily as a diagnostic marker for Hodgkin disease. The solely described non-hematopoietic malignancy with a strong expression for CD30 is embryonal carcinoma. In other types of testicular GCT an equivalent positive staining for CD30 has not been reported (191, 192) . Hittmair has detected a specific positive immunostaining for CD30 in only few foci of seminoma, in contrast strong reactivity was found in embryonal carcinoma (193) . In this study, the staining for CD30 in spermatocytic seminoma was negative. Further studies have confirmed the expression of CD30 in embryonal carcinoma while in other types of GCT the staining for CD30 was essentially negative (187, 188, 194, 195 , a small mucin-type transmembrane glycoprotein, has been implicated in tumours progression of a variety of human cancers (197) . The expression of podoplanin is up regulated in squamous cell carcinoma of the oral cavity, lung, skin, granulosa cell tumours and mesothelioma (198) . Bailey and co-workers have showed an expression of M2A in 100% of the seminoma tumours. In contrast, in non-seminomatous germ cell tumours (NSGCT), the reactivity for M2A was in all cases negative (199) . Furthermore, two studies have demonstrated positive expression for podoplanin in ITGCN (47,200) ( Table 1) . Glypican 3 (GCP3), another glycoprotein, has been analysed as a useful marker for subtypes of germ cell tumours (201). The results demonstrated the GCP3 expression in 100% of yolk sac tumours and choriocarcinoma components compared with only 8% of embryonal carcinoma and 38% of teratomas with immature elements. Seminoma and ITGCN were consistently negative. This marker could be promising in identifying non-seminomatous components and distinguishing yolk sac tumours from other germ cell tumours (Table 1 ). Another useful marker tested is the HLA-G antibody, an excellent marker of intermediate trophoblastic cells. This antibody interacts with the non classical major histocompatibility complex class I antigen, located on the cell surface (202) . Kurman et al have demonstrated in two studies the specificity of this marker for trophoblastic tumours such as choriocarcinomas (203, 204) . Therefore, especially in difficult situations such as metastatic high-grade cancer of unknown primary site, this marker could be used for the detection of cells with trophoblastic differentiation (206) ( Table 1) . Nevertheless, there is not data published about the immunohistochemical staining of HLA-G in spermatocytic seminoma. TRA-1-60 is an antibody raised against a human EC cell line that recognises a sialylated keratin sulphate proteoglycan (207) . TRA-1-60 is expressed by CIS, seminoma and EC (208) ; this antibody has been evaluated as a serum marker for patients with testicular GCTs (209) . TRA-1-60 could be useful in the follow-up of patients with stage 1 nonseminomatous GCTs, as 57.1% of patients with recurrence had elevated serum levels (210) . However, a subsequent study have detected elevated levels in most patients with tumours containing EC but elevated levels did not normalised in 15-30% of patients after chemotherapy and the authors concluded that TRA-1-60 is not a useful serum marker of testis cancer (211) . Several studies have investigated the expression of CDH1 (E-cadherin), a calcium dependent transmembrane adhesion glycoprotein, which is essential for embryonic development and germ cell determination (212) . CDH1 is weakly expressed in human foetal testes but not in normal adult testis (213, 214) . Microarray data have shown a high expression of CDH1 mRNA in CIS as well as in EC but the protein level expression was shown only in a subset of seminomas, in the majority of non-seminomas but not at the CIS stage (213, (215) (216) (217) (218) . Discrepancy in expression in CIS between the mRNA and protein levels has suggested that CDH1 expression may be post-transcriptional regulated in testicular GCTs (218) . It was observed that in the testis, serum-E-cadherin levels were significantly higher in testicular GCT patients with advanced disease (stage II/ III), regardless of tumour histology, when compared to healthy individuals and patients with stage I testicular GCT. An overlap with levels in healthy individuals gave a limited clinical suitability (218) . A recent study has analysed the expression of growth and angiogenesis factors in serum from 22 testicular GCT patients. The results have showed a marked elevation of pleiotrophin (PTN) and no overlap with control subjects with modest increase for FGF-2, VEGF and EGF in serum of patients with testis cancer (219) . Another approach is based on detection of XIST gene, in fact the XIST gene is mainly hypomethylated in testicular GCTs irrespective of XIST expression, and a DNA tumour marker has been described based on the unmethylated DNA profile (220) . Male somatic cells show complete methylation and a study with 49 patients has showed that identification of an XIST unmethylated fragment in male plasma might be diagnostic for testicular GCTs (221) . But at present none of the described markers performed adequately for detection of seminoma either at the initial staging or during follow-up, although combinatory studies of some of the markers have been attempted (222, 223).
MOLECULAR BIOMARKERS OF TESTICULAR GERM CELL TUMORS IN SEMEN SAMPLES
Early diagnosis of testicular GCTs, preferentially at the non invasive stage, should be preferable as the disease is potentially lethal, especially in a subset of poorprognosis patients and in patients that are refractory to chemotherapy. If a patient is diagnosed already at the CIS stage, he can be offered the most gentle and optimal treatment with a high cure rate. Testicular biopsy is still the gold standard in diagnosing CIS, with a false-negative percentage of 0.5% (224). However, at present, there is reluctance by many urologists to perform a surgical biopsy of the controlateral testis at the time of orchiectomy for detection of contralateral CIS. Arguments against a contralateral biopsy are that the procedure is an unnecessary burden in 95% of cases, determines potential complications and the invasive procedure may delay semen production. Therefore a less invasive method is needed. This method could also be applied as screening for CIS performed at andrology or fertility clinics in young men with atrophic testes, history of cryptorchidism or in need for assisted reproduction. Indeed, infertile males have an increased risk of harbouring CIS and could therefore be target for screening. The incidence of CIS in normal healthy males has been estimated as 0.8% -0.43% (225, 226) . Many studies have evaluated the possibility for non invasive early diagnosis of CIS in semen using specific immunohistochemical markers. In fact CIS cells are located within the seminiferous tubules and can be exfoliated into semen. The use of semen for detection of neoplastic cells in patients with testicular cancer was already suggested by Czaplicki in 1987 (227) and Giwercman in 1988 (228) . It was observed that patients with testicular GCTs may harbour morphologically abnormal cells in their semen (229) but detection of these may be difficult as the morphology of non-sperm cells are poorly preserved, even with precaution such as adjusting pH and moderate centrifugation (227, 230) . The abnormal cells in semen from patients with testicular GCTs were shown to have CIS characteristics and they are present in semen due to the fact that seminiferous tubules with CIS are nearly always present close to the tumour (17, 231, 232) . Different methods such as fluorescent in situ hybridization (233), immunohistochemistry using Ap-2 gamma and PLAP (234) (235) (236) and immunohistochemistry with magnetic beads using the M2A (a transmembrane glycoprotein) antibody (237) proved to be unsuccessful or too laborious. Another study has used flow cytometry, immunochemistry for PLAP and enzymochemistry for alkaline phosphatase for detection of CIS on a surgical biopsy, fine-needle aspirate and semen sample. The results shown that biopsy and fineneedle aspiration cytology were superior to seminal fluid analysis, as malignant cells within semen were undetectable and the seminal plasma placental-like alkaline phosphatase immunoassay failed to discriminate CIS for the high level of background germ cell alkaline phosphatase (238) . Another study reported cytological detection of neoplastic cells in the ejaculate or fluid from prostatic massage in three patients with testicular GCTs by cytological microscopy, although no control group was analysed. However, malignant cells were no found in the seminal fluid after orchiectomy (239) . Further several studies have investigated the alterations of DNA content in the cells of ejaculate of patients with TGCTs and in healthy controls. A method using the flow cytometry have identified aneuploid cells in 4/8 CIS patients an in 0/26 of controls (240) and by in situ hybridisation with a chromosome 1 probe 2/2 CIS patients and 3/6 testicular GCT patients were positive and 0/16 controls (241). Salanova et al have quantified the presence of immature hyperdiploid germ cells in the seminal fluid of healthy subjects, oligozoospermic patients with cryptorchidism and of CIS/testis tumour patients. Cell ploidy was evaluated in immature germ cell-enriched seminal cell fractions by in situ hybridisation with a chromosome 1 probe, but hyperdiploidy was not a predictive parameter of testis tumour pathologies (242) . In a study with fluorescence in situ hybridisation for chromosome 12p, nuclei exhibiting P3 chromosome 12 signals were found to be present in a significantly larger number in the patient samples than in control specimens, although a large overlap was seen (233) . These studies were hampered by the fact that normal ejaculates contain cells with various numbers of chromosomal copies, such as diploid spermatogonia, spermatocytes, leucocytes and epithelial cells, haploid spermatidis, tetraploid spermatogonia and pachytene spermatocytes. Only cells with 3 N could be assigned as possible CIS cells.
Another study has investigated the expression in semen samples of the platelet-derived growth factor alphareceptor (alpha-PDGF). The authors found that the alpha-PDGF was expressed by CIS and testicular GCTs (243) but analysis of the expression showed that the transcript was also expressed in various other cells and tissue, especially also in haematopoietic cells (66) . After the discovery of a series of novel stem cell-related markers of CIS and TGCTs, several studies have investigated the expression of these nuclear markers in the ejaculate, including AP-2 gamma, NANOG and OCT3/4. In contrast to previous studies which used cytoplasmatic markers of CIS, the nuclear proteins with expression confined to neoplastic cells should be better protected from degradation in semen, since the nucleus is less prone to degradation during passage of the seminal ducts or during processing of the sample of semen. Hoei-Hansen et al have demonstrated with non invasive method that the immunostaining of AP2gamma was able to diagnose CIS like cells in ejaculate from a young infertile patient (234) . Subsequent studies have also analysed additional gonocyte markers such as OCT3/4, NANOG and PLAP in semen samples. It has been observed that the immunocytological method is a very promising new approach that it can be applied as a diagnostic analysis (236) , as the specifity was 93.6% but the sensitivity only 54.5%, although a negative result did not exclude the presence of germ cell cancer, but on the other hand, despite a low sensitivity, the method was able to detect occasional patients with CIS. Recently Niels J et al have performed a study to detect CIS cells in semen of patients with known risk factors for CIS or TGCT using the specific immunohistochemical markers OCT3/4 (244). In this study 41 men at risk for CIS of the testis were found eligible. Indications for inclusions were a suspicious lesion on scrotal ultrasound investigation (n = 14), patients on surveillance after a history of a testicular tumours (n = 14) and 13 patients with bilateral testicular microlithiasis (TM). Three of the 13 men (23%) who underwent testicular biopsies for bilateral TM were histologically diagnosed with CIS (two bilateral), and their semen showed OCT3/4-positive cells in all cases. Twelve of the 14 patients (86%) with a solid mass were diagnosed with a TGCT with adjacent CIS in the parenchyma and in 9 cases (75%) OCT3/4-positive cells were present in the semen. No OCT3/4-positive cells were found in patients with biopsies who did not show any evidence of malignancy. This study demonstrates that OCT3/4-positive cells can be found in semen from the majority of patients with CIS. The most recent report regarding non-invasive detection used an approach of identification of two isoforms of human cytoplasmic isocitrate dehydrogenase in seminal plasma by gel electrophoresis and mass spectrometry. The isoforms were altered in patients with seminoma, but too few samples were analysed to be conclusive on the potential of the biomarker (245).
However, none of the described methods based on examination of semen samples have been shown sufficiently reliable to be used for routine diagnostic purposes, due to too frequent false-negative or falsepositive results. CIS and tumour cells are not always detectable in semen, most likely due to a very low number of CIS cells in semen accentuated in testes with an evident tumour, where shedding of CIS cells situated in the vicinity of a tumour may be hindered by compression of tubules by the tumour. Furthermore, it would not be expected that patients where the tumour involves the vas deferens and epididymis have positive semen cytology. There are also inherent properties of the CIS cells determining if they detach from the basement tubular membrane and can be shed into the semen, or the CIS cells may be partially degraded and injured and lose cell surface antigens in the ejaculatory path. Finally, the rare false positive results seen in the assays could be due to presence of immature germ cells or haematopoietic cells and non-spermatozoal cells are known to be present in seminal fluid in small amounts, including primary spermatocytes, spermatidis, residual bodies, epithelial cells and leucocytes (246) . Thus this field still awaits an ultra-sensitive and fail-safe method of diagnosis, which could be applied to routine screening of populations at risk.
SUMMARY
Germ cell tumours (GCTs) are a complex entity. Current areas of attention include early detection and avoidance of unnecessary over-treatment. Diagnostic workup when a testicular neoplasia is suspected includes a clinical examination, determination of risk factors, imaging, serum tumours markers, etc. Recently GCTs have been described as a model of a curable neoplasia with cure rates of about 90%. The main factors contributing to this are: careful staging at the time of diagnosis; adequate early treatment based on chemotherapeutic combinations, with or without radiotherapy and surgery; and very strict follow-up and salvage therapies with cisplatinum based combination chemotherapy that represents, in according to European Association of Urology guidelines 2009 (EAU 2009), the primary treatment of choice for advanced disease with results in long-term remissions for about 50% of the patients who relapse after first-line chemotherapy. However, the treatment of patients with testicular cancer has a relevant impact on quality of life with a reduction of fertility, risk of cardiovascular disease, reduction in sexual function and a risk of a second malignancy following radio or chemotherapy treatments. Therefore a key role has the early diagnosis of these tumours especially in the CIS stage. Nevertheless the diagnosis of testicular tumours only sporadically occurs at the CIS stage where minimal treatment is necessary, mainly due to the fact that presence of testicular CIS frequently is asymptomatic. However CIS may be suspected in a well-defined group of conditions and recognition of the precursor lesion gives an opportunity for intervention before the invasive tumour has developed. Several serological markers for testicular cancer have been tested and some are available. These markers are useful in the diagnosis and staging of disease, for monitor the therapeutic response and to detect tumour recurrence. The alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (beta-hCG) are well established as serum markers for GCTs of the testis, lactate dehydrogenase (LDH) and placental-like alkaline phosphatase (PLAP) may be alternative serological markers with less specifity. However, these markers are increased in only about 60% of patients with testicular cancer and it should be noted that negative marker levels do not exclude the diagnosis of a germ cell tumour. Furthermore in the pre-invasive CIS stage serological markers are not relevant, as neoplastic cells are not present in circulating plasma at this stage and at the present the diagnosis of testicular CIS still is a diagnosis based on histological analysis of a testicular biopsy. Therefore, additional serum markers would facilitate clinical diagnosis and treatment in these patients, especially in the early stage of the disease and may support the diagnosis of the GCT sub-type. In the recent years several new markers have been tested and at the present several cytogenetic and molecular markers are available in specific centres but none have been shown to be superior to the classical markers in serum (TRA 1-60, XIST, CDH1), therefore there is still a need for a seminoma -specific marker. Multiple studies have improved phenotypical characterisation of these tumours and demonstrated that they either de-differentiate or retain several feature of pluripotent embryonic stem cells adding to the hypothesis of a pre-natal origin of these neoplasia and further research is need in this context for the detection of new serum marker. About histological diagnosis of CIS and others TGCTs immunohistochemistry detection of OCT3/4, AP-2 gamma, SOX proteins etc. being solid new markers in addition to the routinely used such as PLAP for CIS. Recently an immunocytological method targeting nuclear stem cell/GCT markers has proven useful for detection of CIS cells in semen in some patients and may become applicable for screening or as an auxiliary test in urology centres that allow a careful follow-up but further researches are needed to optimise semen based method of analysis of several markers. In conclusion progress in knowledge about the aetiology of testicular neoplasm such as involves genetic mutations, polymorphisms and exogenous influences could give the opportunity of the identification of many novel potential markers. 
